Regulation of Ca(2+)/calmodulin-dependent protein kinase kinase alpha by cAMP-dependent protein kinase: II. Mutational analysis.
We previously reported that rat brain Ca(2+)/calmodulin-dependent protein kinase (CaM-kinase) IV is inactivated by cAMP-dependent protein kinase (PKA) [Kameshita, I. and Fujisawa, H. (1991) Biochem. Biophys. Res. Commun. 180, 191-196]. In the preceding paper, we demonstrated that changes in the activity of CaM-kinase IV by PKA results from the phosphorylation of CaM-kinase kinase alpha by PKA and identified six phosphorylation sites, Ser(24) for autophosphorylation, and Ser(52), Ser(74), Thr(108), Ser(458), and Ser(475) for phosphorylation by PKA. In the present study, a causal relationship between the phosphorylation and change in the activity toward PKIV peptide has been studied using mutant enzymes with amino acid substitutions at the six phosphorylation sites. The following conclusions can be drawn from the experimental results: (i) Phosphorylation of Ser74 and/or unidentified sites causes an increase in activity; (ii) phosphorylation of Thr(108) or Ser(458) causes a decrease in the activity; (iii) the inhibitory effect of the phosphorylation of Thr(108) is canceled by the stimulatory effect of the phosphorylation, but that of Ser(458) is not; and (iv) the inhibitory effects of Thr(108) and Ser(458) are synergistic. In contrast to the activity toward PKIV peptide, the activity toward CaM-kinase IV appears to be decreased by the phosphorylation of Thr(108), but not significantly affected by the phosphorylation of Ser(458).